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The aim of this thesis is to show that comprehensive chemical information, which is obtained by Raman 
micro-spectroscopy of single living cells, provides pathways on cell fate decision in multidimensional chemical phase 
space. In Chapter 1, Raman microscopic analysis shows the pathway of the cell differentiation process in a cell 
population during 12 days in the cellular chemical phase space. In Chapter 2, by Raman micro-spectroscopy, cellular 
chemical dynamics and chemical states were detected during the early stage of differentiation and proliferation processes. 
 Cell fate decision is important in development processes such as tissue formation and homeostasis. Cell fate 
decisions are guided by various external signals such as external cellular signals as well as internal cues. In addition, an 
important point in cellular process is that cellular responses to external cues are fluctuated even in clonal cells. For 
example, PC12 cells exposed to the same external factors in a same culture medium, cell fate in cell populations were 
fluctuated. Such stochastic-like responses could be caused by a difference in the intracellular chemical state. These 
cellular states can be investigated by enumerative analysis technologies such as mass spectroscopy (MS), nuclear 
magnetic resonance spectroscopy (NMR), and DNA-microarray. These technologies provide extensive information on 
the intracellular chemical composition. However, the information is provided for the entire cell population, and 
information on a single living cell cannot be obtained. Although most fluorescence imaging techniques are undoubtedly 
useful for detecting the cellular chemical state in the single cell, these techniques are not sufficient for detecting 
multi-dimensional molecular information and require prior knowledge to be applicable to the cell. Therefore, to trace the 
individual cellular chemical state of a cell population and a single cell, an optical non-invasive technique not requiring 
complex sample preparation is required.  
Raman spectroscopy is a spectroscopic technique, which provides vibrational and rotational information on 
molecules. Raman scattering light is derived from inelastic scattering of light caused by the interaction between 
molecular vibration and the incident light. Raman analysis of single cells and chromosomes by Raman 
micro-spectroscopy was first reported in 1990, and this technique has been widely used for detecting the chemical 
composition in biological samples since then. In the past two decades, Raman studies have succeeded in the detection 
and discrimination of changes in biological molecules in cells and tissues. These studies are supporting evidence that 
Raman spectroscopy can detect the chemical changes in a single cell and provide in vivo information on the cellular 
status during cell differentiation and proliferation.  
In this thesis, Raman spectroscopy has been utilized to visualize the chemical dynamics in single living cells 
and cell populations during cell differentiation and proliferation. Using chemometrics, information about important and 
hidden differences in cells was obtained from the Raman spectra. The notable insights in this thesis are described as 
follows:  
(1) By Raman micro-spectroscopy, the circular and oscillating dynamics of the chemical composition of a cell population 
during growth factor-induced differentiation are described. Cell differentiation process was visualized by the 
multicomponent phase space on the basis of the Raman spectra and auto-fluorescence spectra. The results show that 
differentiation is not a monotonous chemical change in the cell population. In addition, the results showed that Raman 
analysis of a single cell can detect the cell dynamics of chemical compositions during cell fate decision.  
(2) By tracing the chemical dynamics in a single cell during the early stages of differentiation and proliferation by Raman 
micro-spectroscopy, the time-evolution of cellular chemical states was detected and visualized. Despite similar cellular 
signaling pathways used for differentiation and proliferation, the dynamics of the chemical state are critically different 
between differentiation and proliferation process. These results showed that Raman micro-spectroscopy is a powerful 
tool for detecting these dynamics inside a single cell and for showing cell fate decision pathways.  
(3) The comprehensive cellular chemical state and its dynamics were detected in single cells before and during cell 
differentiation in the absence of any labeling, with non-destructive. Furthermore, the cellular chemical information and 
its dynamics were visualized, demonstrating for the first time that individual cells and a cell population use complex 
pathways during differentiation in the multivariate chemical space. 
The Raman measurement of comprehensive chemical dynamics of either a single living cell or a cell 
population provides new insights during the cell fate decision processes. These new insights suggest that global chemical 
information and its dynamics in single cells by Raman spectroscopy can provide a new strategy for exploring the cell fate 
decision mechanism at the single cell level and that Raman micro-spectroscopy could be used as a prospective technique 
for predicting models of cell fate decision. 
 
